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General remarks:  

Melting points were determined on a digital melting point apparatus and temperatures were 

uncorrected. Optical rotations were determined at 589 nm (sodium D line) by using a 

Perkin-Elmer-341 MC digital polarimeter; []D-values are given in units of 10 deg
−1

 cm
2
 g

−1
. 

1
H 

NMR spectra were recorded on a Bruker AM-300 and AM-400 spectrometer for solution in CDCl3 

with tetramethylsilane (TMS) as an internal standard; coupling constants J are given in Hertz. 
13

C 

NMR spectra were recorded on a Bruker AM-300 and AM-400 spectrophotometers (75 or 100 MHz) 

with complete proton decoupling spectrophotometers (CDCl3: 77.0 ppm). 
31

P NMR spectra were 

recorded on a Bruker AM-400 spectrophotometers (161.9 MHz) for solution in CDCl3 with 85% 

H3PO4 as an internal standard; infrared spectra were recorded on a Perkin-Elmer PE-983 

spectrometer with absorption in cm
-1

. Flash column chromatography was performed with 300–400 

mesh silica gel. For thin-layer chromatography (TLC), silica gel plates (Huanghai GF254) were used. 

Chiral HPLC was performed on a SHIMADZU SPD-10A vp series with chiral columns (Chiralpak 

AD-H, OD-H, and IC-H columns 4.6 × 250 mm, (Daicel Chemical Ind., Ltd.)) and chiral column 

(Phenomenex Lux 5μ Amylose-2 column 4.6 × 250 mm (PA-2, (Phenomenex Ind., Ltd.)). Mass 

spectra were recorded by EI, ESI, MALDI and HRMS, measured on a HP-5989 instrument. 

 

1. General procedure for asymmetric [3 + 2] annulation. 

Catalyst TP was synthesized according to the literature [1], and its yield, characterization and 

spectra are provided in [1]. 

General Procedure for Asymmetric [3 + 2] Annulation:  

Under an argon atmosphere, a mixture of maleimide 1 (0.2 mmol), MBH carbonate 2 (0.2 mmol) 

and catalyst TP (0.02 mmol, 11 mg) in toluene (1.0 mL) was stirred at room temperature for 24–48 h. 

Then the solvent was removed under reduced pressure, and the residue was chromatographed on 

silica gel (elution with petroleum ether/EtOAc 10:1–4:1) to provide compound 3.  
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(3aR,4S,6aS)-ethyl 4-(4-nitrophenyl)-1,3-dioxo-2-phenyl-1,2,3,3a,4,6a-hexahydro 

-cyclopenta[c]pyrrole-5-carboxylate (3a). Yield: 30 mg, 74%; yellow oil; IR (CH2Cl2):  3076, 

2981, 1779, 1716, 1635, 1597, 1519, 1496, 1456, 1348, 1273, 1181, 1089, 1053, 1014, 988, 889, 

852, 814, 769, 752, 734, 692, 661 cm
−1

; 
1
H NMR (400 MHz, CDCl3, TMS):  1.19 (3H, t, J = 7.2 

Hz, CH3), 3.52 (1H, dd, J = 2.4, 7.2 Hz, CH), 4.06–4.18 (2H, m, CH2), 4.34–4.38 (1H, m, CH), 4.77 

(1H, d, J = 1.2 Hz, CH), 7.06 (1H, dd, J = 1.6, 2.4 Hz, CH), 7.28–7.30 (2H, m, ArH), 7.40–7.44 (3H, 

m, ArH), 7.47–7.51 (2H, m, ArH), 8.22 (2H, d, J = 8.8 Hz, ArH); 
13

C NMR (100 MHz, CDCl3, 

TMS):  13.9, 52.2, 52.9, 53.2, 61.3, 124.3, 126.3, 128.0, 129.0, 131.2, 138.6, 140.8, 147.3, 148.9, 

162.4, 173.7, 176.3; MS (ESI) m/z (%): 407.0 (100) [M
+ 

+ 1]; HRMS (ESI) Calcd. for 

C22H18N2NaO6 (M
+ 

+ Na) requires 429.1057, found: 429.1062; Enantiomeric excess was determined 

by HPLC with a Chiralcel IC-H column [ = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 

0.7 mL/min; tmajor = 28.13 min, tminor = 38.19 min; ee = 96%; []
20

D = +383.9 (c 1.0, CHCl3)]. 
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column 

[ = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor = 28.13 min, tminor = 

38.19 min; ee = 96%; []
20

D = +338.9 (c 1.0, CHCl3)]. 

 

 

(3aR,4S,6aS)-ethyl 2-methyl-4-(4-nitrophenyl)-1,3-dioxo-1,2,3,3a,4,6a-hexahydrocyclo- 

penta[c]pyrrole-5-carboxylate (3b). Yield: 34 mg, 99%; yellow oil; IR (CH2Cl2):  2983, 1782, 
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1704, 1635, 1597, 1519, 1494, 1434, 134, 1273, 1203, 1096, 1045, 1014, 1000, 959, 894, 852, 814, 

792, 755, 736, 700, 659 cm
-1

; 
1
H NMR (300 MHz, CDCl3, TMS):  1.18 (3H, t, J = 7.2 Hz, CH3), 

3.03 (3H, s, CH3), 3.36 (1H, dd, J = 2.1, 7.2 Hz, CH), 4.02–4.17 (2H, m, CH2), 4.20–4.25 (1H, m, 

CH), 4.64 (1H, d, J = 1.2 Hz, CH), 6.98–6.99 (1H, m, CH), 7.40 (2H, d, J = 9.0 Hz, ArH), 8.21 (2H, 

d, J = 9.0 Hz, ArH); 
13

C NMR (75 MHz, CDCl3, TMS):  13.9, 25.2, 52.1, 52.7, 52.9, 61.2, 124.0, 

128.0, 138.6, 140.4, 147.2, 149.1, 162.4, 174.8, 177.3; MS (ESI) m/z (%): 345.0 (100) [M
+ 

+ 1]; 

HRMS (ESI) Calcd. for C17H16N2NaO6 (M
+ 

+ Na) requires 367.0901, found: 367.0893; 

Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column [ = 214 nm; eluent: 

hexane/isopropanol 50/50; Flow rate: 0.7 mL/min; tmajor = 39.74 min, tminor = 46.57 min; ee = 98%; 

[]
20

D = +282.8 (c 1.0, CHCl3)]. 
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Chiral HPLC Report: Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column 

[ = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor = 39.74 min, tminor = 

46.57 min; ee = 98%; []
20

D = +282.8 (c 1.0, CHCl3)]. 

 

 

(3aR,4S,6aS)-ethyl 2-benzyl-4-(4-nitrophenyl)-1,3-dioxo-1,2,3,3a,4,6a-hexahydrocyclo- 

penta[c]pyrrole-5-carboxylate (3c). Yield: 36 mg, 86%; yellow oil; IR (CH2Cl2):  3077, 3033, 
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2981, 2936, 1776, 1708, 1635, 1604, 1558, 1455, 1431, 1393, 1348, 1271, 1202, 1169, 1095, 1054, 

1014, 991, 931, 905, 851, 814, 753, 714, 699, 660 cm
−1

; 
1
H NMR (400 MHz, CDCl3, TMS):  1.16 

(3H, t, J = 7.2 Hz, CH3), 3.34 (1H, dd, J = 2.4, 7.2 Hz, CH), 4.04–4.13 (2H, m, CH2), 4.18–4.21 (1H, 

m, CH), 4.62–4.70 (3H, m, CH2+CH), 6.97 (1H, s, CH), 7.26–7.38 (7H, m, ArH), 8.18–8.20 (2H, m, 

ArH); 
13

C NMR (100 MHz, CDCl3, TMS):  13.9, 42.8, 52.2, 52.7, 52.9, 61.2, 124.2, 127.9, 128.2, 

128.72, 128.75, 135.1, 138.6, 140.4, 147.2, 149.1, 162.4, 174.4, 176.9; MS (ESI) m/z (%): 421.1 

(100) [M
+
+1]; HRMS (ESI) Calcd. for C23H20N2NaO6 (M

+ 
+ Na) requires 443.1214, found: 

443.1198; Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column [ = 214 

nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor = 29.77 min, tminor = 33.60 min; 

ee = 94%; []
20

D = +243.3 (c 1.0, CHCl3)]. 
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column 

[ = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor = 29.77 min, tminor = 

33.60 min; ee = 94%; []
20

D = +243.3 (c 1.0, CHCl3)]. 

 

 

(3aR,4S,6aS)-ethyl 2-benzhydryl-4-(4-nitrophenyl)-1,3-dioxo-1,2,3,3a,4,6a-hexahydrocyclo- 

penta[c]pyrrole-5-carboxylate (3d). Yield: 50 mg, >99%; yellow oil; IR (CH2Cl2):  3064, 3030, 
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2924, 2853, 1776, 1712, 1634, 1598, 1520, 1495, 1449, 1348, 1272, 1190, 1170, 1094, 1031, 1014, 

988, 920, 895, 853, 810, 738, 699, 663 cm
−1

; 
1
H NMR (300 MHz, CDCl3, TMS):  1.18 (3H, t, J = 

7.2 Hz, CH3), 3.36 (1H, dd, J = 2.1, 7.8 Hz, CH), 4.06–4.16 (2H, m, CH2), 4.19–4.23 (1H, m, CH), 

4.68 (1H, d, J = 1.2 Hz, CH), 6.52 (1H, s, CH), 7.00 (1H, d, J = 1.2 Hz, CH), 7.23–7.28 (4H, m, 

ArH), 7.31–7.38 (8H, m, ArH), 8.17–8.20 (2H, m, ArH); 
13

C NMR (75 MHz, CDCl3, TMS):  13.9, 

52.0, 52.8, 52.9, 58.7, 61.2, 124.2, 127.9, 128.0, 128.2, 128.42, 128.46, 128.5, 136.8, 136.9, 138.8, 

140.5, 147.2, 149.0, 162.5, 174.2, 176.9; MS (ESI) m/z (%): 497.0 (100) [M
+ 

+ 1]; HRMS (ESI) 

Calcd. for C29H24N2NaO6 (M
+ 

+ Na) requires 519.1527, found: 519.1507; Enantiomeric excess was 

determined by HPLC with a Chiralcel IC-H column [ = 214 nm; eluent: hexane/isopropanol 50/50; 

flow rate: 0.7 mL/min; tmajor = 16.59 min, tminor = 21.27 min; ee = 98%; []
20

D = +271.7 (c 1.0, 

CHCl3)]. 
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column 

[ = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor = 16.59 min, tminor = 

21.27 min; ee = 98%; []
20

D = +271.7 (c 1.0, CHCl3)]. 
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(3aR,4S,6aS)-ethyl 2-(naphthalen-1-ylmethyl)-4-(4-nitrophenyl)-1,3-dioxo-1,2,3,3a,4,6a- 

hexahydrocyclopenta[c]pyrrole-5-carboxylate (3e). Yield: 43 mg, 91%; yellow oil; IR (CH2Cl2):  

2981, 2920, 1777, 1708, 1635, 1598, 1519, 1428, 1394, 1347, 1271, 1174, 1096, 1014, 990, 852, 

792, 778, 736, 699 cm
−1

; 
1
H NMR (300 MHz, CDCl3, TMS):  1.16 (3H, t, J = 6.9 Hz, CH3), 3.30 

(1H, dd, J = 1.8, 7.2 Hz, CH), 4.03–4.19 (3H, m, CH+CH2), 4.65 (1H, d, J = 1.8 Hz, CH), 5.12 (2H, 

s, CH2), 6.98 (1H, dd, J = 1.8, 2.7 Hz, CH), 7.33–7.36 (2H, m, ArH), 7.42 (1H, d, J = 7.5 Hz, ArH), 

7.46–7.58 (3H, m, ArH), 7.78–7.86 (2H, m, ArH), 8.16 (2H, d, J = 8.7 Hz, ArH), 8.23 (1H, d, J = 8.1 

Hz, ArH); 
13

C NMR (75 MHz, CDCl3, TMS):  13.9, 40.6, 52.0, 52.6, 52.8, 61.2, 123.2, 124.2, 

125.1, 125.9, 126.6, 127.9, 128.7, 129.0, 130.1, 131.1, 133.7, 138.6, 140.4, 147.1, 149.0, 162.4, 

174.5, 177.2; MS (ESI) m/z (%): 471.0 (100) [M
+ 

+ 1]; HRMS (ESI) Calcd. for C27H22N2NaO6 (M
+ 

+ Na) requires 493.1370, found: 493.1363; Enantiomeric excess was determined by HPLC with a 

Chiralcel PC-2 column [ = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor 

= 34.85 min, tminor =83.52 min; ee = 96%; []
20

D = +204.5 (c 1.0, CHCl3)]. 
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel PC-2 column 

[ = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor = 34.85 min, tminor = 

83.52 min; ee = 96%; []
20

D = +204.5 (c 1.0, CHCl3)]. 
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(3aR,4S,6aS)-ethyl 2-benzhydryl-4-(3-nitrophenyl)-1,3-dioxo-1,2,3,3a,4,6a-hexahydrocyclo- 

penta[c]pyrrole-5-carboxylate (3f). Yield: 43 mg, 87%; yellow oil; IR (CH2Cl2):  3064, 3030, 

2981, 2931, 1777, 1712, 1633, 1600, 1584, 1530, 1496, 1477, 1449, 1352, 1271, 1190, 1171, 1095, 

1031, 989, 892, 873, 858, 808, 737, 700 cm
−1

; 
1
H NMR (300 MHz, CDCl3, TMS):  1.18 (3H, t, J = 

6.9 Hz, CH3), 3.39 (1H, dd, J = 2.4, 7.5 Hz, CH), 4.06–4.17 (2H, m, CH2), 4.23–4.27 (1H, m, CH), 

4.69 (1H, d, J = 0.9 Hz, CH), 6.52 (1H, s, CH), 7.01 (1H, d, J = 0.9 Hz, CH), 7.23–7.35 (10H, m, 

ArH), 7.49–7.54 (1H, m, ArH), 7.59 (1H, d, J = 7.5 Hz, ArH), 8.00 (1H, s, ArH), 8.12 (1H, d, J = 8.1 

Hz, ArH); 
13

C NMR (75 MHz, CDCl3, TMS):  13.9, 52.1, 52.8, 58.8, 61.2, 121.6, 122.6, 128.0, 

128.4, 128.5, 129.9, 133.6, 136.9, 138.8, 140.5, 143.8, 148.6, 162.5, 174.2, 177.0; MS (ESI) m/z (%): 

497.0 (100) [M
+ 

+ 1]; HRMS (ESI) Calcd. for C29H24N2NaO6 (M
+ 

+ Na) requires 519.1527, found: 

519.1509; Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column [ = 214 

nm; eluent: hexane/isopropanol 80/20; flow rate: 0.7 mL/min; tmajor = 38.82 min, tminor = 60.56 min; 

ee = 94%; []
20

D = +248.7 (c 1.0, CHCl3)]. 
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column 

[ = 214 nm; eluent: hexane/isopropanol 80/20; flow rate: 0.7 mL/min; tmajor = 38.82 min, tminor = 

60.56 min; ee = 94%; []
20

D = +248.7 (c 1.0, CHCl3)]. 
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(3aR,4S,6aS)-ethyl 2-benzhydryl-4-(4-cyanophenyl)-1,3-dioxo-1,2,3,3a,4,6a-hexahydrocyclo- 

penta[c]pyrrole-5-carboxylate (3g). Yield: 40 mg, 84%; colorless oil; IR (CH2Cl2):  3030, 2982, 

2228, 1776, 1712, 1634, 1607, 1496, 1449, 1348, 1355, 1327, 1271, 1189, 1170, 1094, 1019, 987, 

919, 843, 807, 739, 700 cm
−1

; 
1
H NMR (300 MHz, CDCl3, TMS):  1.17 (3H, t, J = 7.2 Hz, CH3), 

3.34 (1H, dd, J = 2.4, 7.5 Hz, CH), 4.05–4.20 (3H, m, CH+CH2), 4.62 (1H, s, CH), 6.52 (1H, s, CH), 

6.98 (1H, d, J = 1.8, 2.7 Hz, CH), 7.22–7.34 (12H, m, ArH), 7.62 (2H, d, J = 8.1 Hz, ArH); 
13

C 

NMR (75 MHz, CDCl3, TMS):  13.9, 52.0, 52.8, 53.1, 58.7, 61.2, 114.4, 118.4, 127.8, 128.0, 128.4, 

128.5, 132.7, 136.9, 137.0, 138.6, 140.5, 147.0, 162.4, 174.3, 177.0; MS (ESI) m/z (%): 477.0 (100) 

[M
+
+1]; HRMS (ESI) Calcd. for C30H24N2NaO4 (M

+ 
+ Na) requires 499.1628, found: 499.1611; 

Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column [ = 214 nm; eluent: 

hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor = 16.50 min, tminor = 19.33 min; ee = 96%; 

[]
20

D = +299.1 (c 1.0, CHCl3)]. 
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column 

[ = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor = 16.50 min, tminor = 

19.33 min; ee = 96%; []
20

D = +299.1 (c 1.0, CHCl3)]. 

 

 

(3aR,4S,6aS)-ethyl 2-benzhydryl-4-(4-bromophenyl)-1,3-dioxo-1,2,3,3a,4,6a-hexahydrocyclo- 

penta[c]pyrrole-5-carboxylate (3h). Yield: 39 mg, 74%; colorless oil; IR (CH2Cl2):  3029, 2980, 
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1775, 1712, 1635, 1488, 1448, 1383, 1354, 1270, 1190, 1170, 1093, 1011, 987, 918, 877, 734, 698 

cm
−1

; 
1
H NMR (400 MHz, CDCl3, TMS):  1.17 (3H, t, J = 7.2 Hz, CH3), 3.33 (1H, d, J = 7.2 Hz, 

CH), 4.07–4.16 (3H, m, CH+CH2), 4.54 (1H, s, CH), 6.51 (1H, s, CH), 6.92 (1H, s, CH), 7.05 (2H, d, 

J = 8.4 Hz, ArH), 7.22–7.32 (10H, m, ArH), 7.43 (2H, d, J = 8.4 Hz, ArH); 
13

C NMR (100 MHz, 

CDCl3, TMS):  13.9, 52.4, 52.68, 52.75, 58.6, 61.1, 121.2, 127.9, 128.46, 128.49, 128.6, 132.0, 

137.0, 137.9, 140.7, 141.2, 162.8, 174.6, 177.3; MS (ESI) m/z (%): 530.0 (100) [M
+ 

+ 1]; HRMS 

(MALDI) Calcd. for C29H24NO4BrNa (M
+ 

+ Na) requires 552.0781, found: 552.0798; Enantiomeric 

excess was determined by HPLC with a Chiralcel IC-H column [ = 214 nm; eluent: 

hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor = 9.06 min, tminor = 10.38 min; ee = 97%; 

[]
20

D = +240.9 (c 1.0, CHCl3)]. 
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column 

[ = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor = 9.06 min, tminor = 

10.38 min; ee = 97%; []
20

D = +240.9 (c 1.0, CHCl3)]. 

 

 

(3aR,4S,6aS)-ethyl 4-(4-bromophenyl)-2-methyl-1,3-dioxo-1,2,3,3a,4,6a-hexahydrocyclo- 

penta[c]pyrrole-5-carboxylate (3i). Yield: 30 mg, 79%; colorless oil; IR (CH2Cl2):  2981, 1781, 
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1714, 1653, 1634, 1558, 1540, 1521, 1506, 1488, 1433, 1409, 1378, 1327, 1272, 1202, 1127, 1095, 

1071,1011, 960, 891, 874, 828, 790, 740, 715 cm
−1

; 
1
H NMR (400 MHz, CDCl3, TMS):  1.17 (3H, 

t, J = 7.2 Hz, CH3), 3.00 (3H, s, CH3), 3.32 (1H, dd, J = 1.6, 6.8 Hz, CH), 4.04–4.16 (3H, m, 

CH+CH2), 4.50 (1H, s, CH), 6.89–6.90 (1H, m, CH), 7.08–7.10 (2H, m, ArH), 7.44–7.46 (2H, m, 

ArH); 
13

C NMR (100 MHz, CDCl3, TMS):  13.9, 25.2, 52.4, 52.5, 52.9, 61.0, 121.2, 128.7, 132.0, 

137.7, 140.8, 141.0, 162.7, 175.2, 177.7; MS (ESI) m/z (%): 378.0 (100) [M
+ 

+ 1]; HRMS (MALDI) 

Calcd. for C17H16NO4BrNa (M
+ 

+ Na) requires 400.0155, found: 400.0141; Enantiomeric excess was 

determined by HPLC with a Chiralcel IC-H column [ = 214 nm; eluent: hexane/isopropanol 50/50; 

flow rate: 0.7 mL/min; tmajor = 16.24 min, tminor = 17.48 min; ee = 95%; []
20

D = +239.9 (c 1.0, 

CHCl3)]. 
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column 

[ = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor = 16.24 min, tminor = 

17.48 min; ee = 95%; []
20

D = +239.9 (c 1.0, CHCl3)]. 

 

 

(3aR,4S,6aS)-ethyl 4-(4-chlorophenyl)-2-methyl-1,3-dioxo-1,2,3,3a,4,6a-hexahydrocyclo- 

penta[c]pyrrole-5-carboxylate (3j). Yield: 30 mg, 90%; colorless oil; IR (CH2Cl2):  2982, 1781, 
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1704, 1634, 1491, 1434, 1379, 1272, 1202, 1127, 1093, 1045, 1014, 1001, 959, 891, 874, 790, 751, 

739, 666 cm
−1

; 
1
H NMR (400 MHz, CDCl3, TMS):  1.17 (3H, t, J = 6.8 Hz, CH3), 3.00 (3H, s, 

CH3), 3.32 (1H, dd, J = 2.4, 7.6 Hz, CH), 4.04–4.17 (3H, m, CH+CH2), 4.52 (1H, s, CH), 6.90 (1H, 

dd, J = 1.6, 2.4 Hz, CH), 7.14 (2H, d, J = 8.0 Hz, ArH), 7.30 (2H, d, J = 8.0 Hz, ArH); 
13

C NMR 

(100 MHz, CDCl3, TMS):  13.9, 25.2, 52.4, 52.6, 52.9, 61.0, 128.3, 129.0, 133.2, 137.6, 140.3, 

141.1, 162.8, 175.2, 177.7; MS (ESI) m/z (%): 334.0 (100) [M
+ 

+ 1]; HRMS (MALDI) Calcd. for 

C17H16NO4ClNa (M
+ 

+ Na) requires 356.0660, found: 356.0659; Enantiomeric excess was 

determined by HPLC with a Chiralcel IC-H column [ = 214 nm; eluent: hexane/isopropanol 80/20; 

flow rate: 0.7 mL/min; tmajor = 31.48 min, tminor = 35.18 min; ee = 97%; []
20

D = +263.0 (c 1.0, 

CHCl3)]. 
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column 

[ = 214 nm; eluent: hexane/isopropanol 80/20; flow rate: 0.7 mL/min; tmajor = 31.48 min, tminor = 

35.18 min; ee = 97%; []
20

D = +263.0 (c 1.0, CHCl3)]. 

 

 

(3aR,4S,6aS)-ethyl 4-(3-chlorophenyl)-2-methyl-1,3-dioxo-1,2,3,3a,4,6a-hexahydrocyclo- 

penta[c]pyrrole-5-carboxylate (3k). Yield: 27 mg, 81%; colorless oil; IR (CH2Cl2):  2981, 2936, 
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1699, 1595, 1432, 1378, 1270, 1203, 1127, 1095, 1001, 960, 783, 765, 737, 699 cm
−1

; 
1
H NMR (400 

MHz, CDCl3, TMS):  1.17 (3H, t, J = 7.2 Hz, CH3), 3.01 (3H, s, CH3), 3.34 (1H, dd, J = 2.0, 7.2 Hz, 

CH), 4.05–4.19 (3H, m, CH+CH2), 4.51 (1H, s, CH), 6.92 (1H, dd, J = 1.6, 2.4 Hz, CH), 7.12 (1H, 

dd, J = 1.6, 7.2 Hz, ArH), 7.17 (1H, s, ArH), 7.23–7.29 (2H, m, ArH); 
13

C NMR (100 MHz, CDCl3, 

TMS):  13.9, 25.2, 52.5, 52.6, 52.9, 61.0, 125.3, 127.0, 127.6, 130.2, 134.7, 137.9, 140.9, 143.7, 

162.7, 175.2, 177.7; MS (MALDI) m/z (%): 379.2 (100) [M
+ 

+ HCO2H]; HRMS (MALDI) Calcd. 

for C17H17NO4Cl (M
+ 

+ 1) requires 334.0841, found: 334.0847; Enantiomeric excess was determined 

by HPLC with a Chiralcel IC-H column [ = 214 nm; eluent: hexane/isopropanol 80/20; flow rate: 

0.7 mL/min; tmajor = 55.36 min, tminor = 70.69 min; ee = 97%; []
20

D = +316.0 (c 1.0, CHCl3)]. 
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column 

[ = 214 nm; eluent: hexane/isopropanol 80/20; flow rate: 0.7 mL/min; tmajor = 55.36 min, tminor = 

70.69 min; ee = 97%; []
20

D = +316.0 (c 1.0, CHCl3)]. 

 

 

(3aR,4R,6aS)-ethyl 4-(2-chlorophenyl)-2-methyl-1,3-dioxo-1,2,3,3a,4,6a-hexahydrocyclo- 

penta[c]pyrrole-5-carboxylate (3l). Yield: 13 mg, 39%; colorless oil; IR (CH2Cl2):  2982, 1782, 
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1705, 1635, 1474, 1433, 1378, 1307, 1268, 1201, 1127, 1096, 1052, 1037, 1000, 959, 792, 758, 690 

cm
−1

; 
1
H NMR (400 MHz, CDCl3, TMS):  1.14 (3H, t, J = 7.2 Hz, CH3), 3.01 (3H, s, CH3), 3.37 

(1H, d, J = 7.2 Hz, CH), 4.03–4.16 (3H, m, CH+CH2), 5.02 (1H, s, CH), 6.97 (1H, dd, J = 1.6, 2.0 

Hz, CH), 7.04–7.05 (1H, m, ArH), 7.20–7.22 (2H, m, ArH), 7.41–7.43 (1H, m, ArH); 
13

C NMR (100 

MHz, CDCl3, TMS):  13.9, 25.2, 51.9, 53.2, 61.0, 127.1, 128.7, 130.3, 133.6, 138.6, 138.8, 140.5, 

162.7, 175.2, 177.4; MS (ESI) m/z (%): 334.1 (100) [M
+ 

+ 1]; HRMS (MALDI) Calcd. for 

C17H16NO4ClNa (M
+ 

+ Na) requires 356.0660, found: 356.0651; Enantiomeric excess was 

determined by HPLC with a Chiralcel IC-H column [ = 214 nm; eluent: hexane/isopropanol 80/20; 

flow rate: 0.7 mL/min; tmajor = 42.76 min, tminor = 48.89 min; ee = 73%; []
20

D = +245.6 (c 1.0, 

CHCl3)]. 
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column 

[ = 214 nm; eluent: hexane/isopropanol 80/20; flow rate: 0.7 mL/min; tmajor = 42.76 min, tminor = 

48.89 min; ee = 73%; []
20

D = +245.6 (c 1.0, CHCl3)]. 

 

 

(3aR,4S,6aS)-ethyl 2-methyl-1,3-dioxo-4-phenyl-1,2,3,3a,4,6a-hexahydrocyclo- 

penta[c]pyrrole-5-carboxylate (3m). Yield: 22 mg, 74%; colorless oil; IR (CH2Cl2):  3029, 2981, 
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1781, 1705, 1634, 1601, 1558, 1540, 1506, 1495, 1454, 1433, 1379, 1329, 1272, 1202, 1127, 1095, 

1045, 997, 959, 889, 872, 793, 761, 736, 700 cm
−1

; 
1
H NMR (400 MHz, CDCl3, TMS):  1.15 (3H, t, 

J = 7.2 Hz, CH3), 3.00 (3H, s, CH3), 3.37 (1H, d, J = 7.6 Hz, CH), 4.01–4.17 (3H, m, CH+CH2), 

4.54 (1H, d, J = 1.6 Hz, CH), 6.89 (1H, dd, J = 1.6, 2.4 Hz, CH), 7.20 (2H, d, J = 8.0 Hz, ArH), 

7.25–7.27 (1H, m, ArH), 7.31–7.35 (2H, m, ArH); 
13

C NMR (100 MHz, CDCl3, TMS):  13.9, 25.1, 

52.8, 52.9, 53.0, 60.9, 126.9, 127.3, 128.9, 137.3, 141.5, 141.8, 163.0, 175.5, 178.0; MS (ESI) m/z 

(%): 300.1 (100) [M
+ 

+ 1]; HRMS (MALDI) Calcd. for C17H17NO4Na (M
+ 

+ Na) requires 322.1050, 

found: 322.1053; Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column [ = 

214 nm; eluent: hexane/isopropanol 80/20; flow rate: 0.7 mL/min; tmajor = 35.87 min, tminor = 43.68 

min; ee = 95%; []
20

D = +276.5 (c 1.0, CHCl3)]. 
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column 

[ = 214 nm; eluent: hexane/isopropanol 80/20; flow rate: 0.7 mL/min; tmajor = 35.87 min, tminor = 

43.68 min; ee = 95%; []
20

D = +276.5 (c 1.0, CHCl3)]. 

 

 

(3aR,4S,6aS)-ethyl 2-methyl-1,3-dioxo-4-(p-tolyl)-1,2,3,3a,4,6a-hexahydrocyclo- 

penta[c]pyrrole-5-carboxylate (3n). Yield: 20 mg, 64%; colorless oil; IR (CH2Cl2):  2981, 1780, 
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1705, 1653, 1634, 1558, 1540, 1513, 1433, 1379, 1327, 1271, 1201, 1126, 1094, 1045, 1000, 959, 

819, 786, 739, 721 cm
−1

; 
1
H NMR (400 MHz, CDCl3, TMS):  1.16 (3H, t, J = 7.2 Hz, CH3), 2.32 

(3H, s, CH3), 3.00 (3H, s, CH3), 3.34 (1H, dd, J = 2.0, 7.2 Hz, CH), 4.03–4.15 (3H, m, CH+CH2), 

4.51 (1H, d, J = 2.4 Hz, CH), 6.86–6.87 (1H, m, CH), 7.09 (2H, d, J = 8.0 Hz, ArH), 7.13 (2H, d, J = 

8.0 Hz, ArH); 
13

C NMR (100 MHz, CDCl3, TMS):  13.9, 21.0, 25.1, 52.6, 52.89, 52.92, 60.8, 126.8, 

129.5, 136.99, 137.03, 138.8, 141.6, 163.0, 175.6, 178.1; MS (ESI) m/z (%): 314.1 (100) [M
+ 

+ 1]; 

HRMS (MALDI) Calcd. for C18H19NO4Na (M
+ 

+ Na) requires 336.1206, found: 336.1207; 

Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column [ = 214 nm; eluent: 

hexane/isopropanol 80/20; flow rate: 0.7 mL/min; tmajor = 33.94 min, tminor = 41.40 min; ee = 96%; 

[]
20

D = +258.2 (c 1.0, CHCl3)]. 
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column 

[ = 214 nm; eluent: hexane/isopropanol 80/20; flow rate: 0.7 mL/min; tmajor = 33.94 min, tminor = 

41.40 min; ee = 96%; []
20

D = +258.2 (c 1.0, CHCl3)]. 
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(3aR,4S,6aS)-ethyl 4-(4-methoxyphenyl)-2-methyl-1,3-dioxo-1,2,3,3a,4,6ahexahydrocyclo- 

penta[c]pyrrole-5-carboxylate (3o). Yield: 18 mg, 55%; colorless oil; IR (CH2Cl2):  2937, 1780, 

1704, 1632, 1610, 1512, 1433, 1379, 1274, 1203, 1178, 1126, 1094, 1033, 1000, 959, 833, 794, 727 

cm
−1

; 
1
H NMR (400 MHz, CDCl3, TMS):  1.16 (3H, t, J = 7.2 Hz, CH3), 3.00 (3H, s, CH3), 3.33 

(1H, dd, J = 2.0, 7.2 Hz, CH), 3.79 (3H, s, CH3), 4.03–4.16 (3H, m, CH+CH2), 4.49–4.51 (1H, m, 

CH), 6.84–6.87 (3H, m, CH+ArH), 7.10–7.14 (2H, m, ArH); 
13

C NMR (100 MHz, CDCl3, TMS):  

13.9, 25.1, 52.2, 52.8, 52.9, 55.2, 60.8, 114.2, 128.0, 133.9, 136.8, 141.7, 158.7, 163.0, 175.6, 178.1; 

MS (ESI) m/z (%): 330.1 (100) [M
+ 

+ 1]; HRMS (MALDI) Calcd. for C18H19NO5Na (M
+ 

+ Na) 

requires 352.1156, found: 352.1145; Enantiomeric excess was determined by HPLC with a Chiralcel 

IC-H column [ = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor = 23.56 

min, tminor = 34.64 min; ee = 96%; []
20

D = +273.1 (c 1.0, CHCl3)]. 
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column 

[ = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor = 23.56 min, tminor = 

34.64 min; ee = 96%; []
20

D = +273.1 (c 1.0, CHCl3)]. 

 

 

(3aR,4R,6aS)-ethyl 4-(furan-2-yl)-2-methyl-1,3-dioxo-1,2,3,3a,4,6a-hexahydrocyclo- 

penta[c]pyrrole-5-carboxylate (3p). Yield: 26 mg, 69%; yellow oil; IR (CH2Cl2):  2982, 1780, 
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1704, 1635, 1505, 1434, 1380, 1282, 1195, 1127, 1096, 1013, 959, 893, 856, 791, 738 cm
−1

; 
1
H 

NMR (400 MHz, CDCl3, TMS):  1.23 (3H, t, J = 7.2 Hz, CH3), 3.00 (3H, s, CH3), 3.55 (1H, dd, J = 

2.0, 7.2 Hz, CH),  4.04–4.15 (3H, m, CH+CH2), 4.60 (1H, d, J = 2.0 Hz, CH), 6.18 (1H, d, J = 3.2 

Hz, ArH), 6.32 (1H, dd, J = 2.0, 3.2 Hz, CH), 6.83–6.84 (1H, m, ArH), 7.31–7.32 (1H, m, ArH); 
13

C 

NMR (100 MHz, CDCl3, TMS):  14.0, 25.2, 46.2, 49.7, 52.9, 61.0, 106.5, 110.6, 138.1, 138.8, 

142.0, 153.2, 162.8, 175.5, 177.7; MS (ESI) m/z (%): 290.0 (100) [M
+ 

+ 1]; HRMS (ESI) Calcd. for 

C15H15NNaO5 (M
+ 

+ Na) requires 312.0842, found: 312.0836; Enantiomeric excess was determined 

by HPLC with a Chiralcel IC-H column [ = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 

0.7 mL/min; tmajor = 19.80 min, tminor = 23.53 min; ee = 96%; []
20

D = +240.8 (c 1.0, CHCl3)]. 
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column 

[ = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor = 19.80 min, tminor = 

23.53 min; ee = 96%; []
20

D = +240.8 (c 1.0, CHCl3)]. 

 

 

(3aS,6S,6aR)-5-acetyl-2-methyl-6-(4-nitrophenyl)-6,6a-dihydrocyclopenta[c]pyrrole- 

1,3(2H,3H)-dione (3q). Yield: 32 mg, >99%; colorless solid, mp 268–272 
o
C; IR (CH2Cl2):  2957, 
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2927, 2858, 1780, 1701, 1668, 1596, 1514, 1433, 1347, 1280, 1124, 1058, 1011, 963, 851, 809, 756, 

740, 705, 640 cm
−1

; 
1
H NMR (400 MHz, CDCl3, TMS):  2.32 (3H, s, CH3), 3.03 (3H, s, CH3) 3.33 

(1H, dd, J = 2.0, 7.2 Hz, CH), 4.28–4.31 (1H, m, CH), 4.65–4.68 (1H, m, CH), 6.89 (1H, dd, J = 1.2, 

2.0 Hz, CH), 7.36 (2H, d, J = 8.4 Hz, ArH), 8.18 (2H, d, J = 8.4 Hz, ArH); 
13

C NMR (100 MHz, 

CDCl3, TMS):  25.3, 27.2, 51.7, 52.3, 53.5, 124.2, 127.9, 138.3, 147.1, 148.3, 149.1, 174.8, 177.1, 

194.1; MS (ESI) m/z (%): 315.0 (100) [M
+ 

+ 1]; HRMS (ESI) Calcd. for C16H14N2NaO5 (M
+ 

+ Na) 

requires 337.0795, found: 337.0793; Enantiomeric excess was determined by HPLC with a Chiralcel 

PA-2 column [ = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor = 47.66 

min, tminor = 70.64 min; ee = 97%; []
20

D = +389.8 (c 1.0, CHCl3)]. 
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel PA-2 column 

[ = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor = 47.66 min, tminor = 

70.64 min; ee = 97%; []
20

D = +389.8 (c 1.0, CHCl3)]. 
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(3aS,6S,6aR)-5-acetyl-6-(4-bromophenyl)-2-methyl-6,6a-dihydrocyclopenta[c]pyrrole- 

1,3(2H,3aH)-dione (3o). Yield: 32 mg, 92%; colorless solid, mp 185–189 
o
C; IR (CH2Cl2):  3072, 

2950, 2926, 1780, 1701, 1677, 1616, 1487, 1432, 1380, 1282, 1127, 1072, 1010, 962, 893, 825, 744 

cm
−1

; 
1
H NMR (400 MHz, CDCl3, TMS):  2.28 (3H, s, CH3), 3.01 (3H, s, CH3) 3.29 (1H, dd, J = 

1.6, 7.2 Hz, CH), 4.20–4.23 (1H, m, CH), 4.53–4.56 (1H, m, CH), 6.89 (1H, dd, J = 1.6, 2.8 Hz, 

CH), 7.06 (2H, d, J = 8.4 Hz, ArH), 7.44 (2H, d, J = 8.4 Hz, ArH); 
13

C NMR (100 MHz, CDCl3, 

TMS):  25.2, 27.3, 52.0, 52.1, 53.4, 121.2, 128.6, 132.0, 137.4, 140.8, 148.7, 175.3, 177.5, 194.3; 

MS (ESI) m/z (%): 348.0 (100) [M
+ 

+ 1]; HRMS (ESI) Calcd. for C16H14BrNNaO3 (M
+ 

+ Na) 

requires 370.0049, found: 370.0037; Enantiomeric excess was determined by HPLC with a Chiralcel 

PA-2 column [ = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor = 17.12 

min, tminor = 24.92 min; ee = 98%; []
20

D = +360.6 (c 1.0, CHCl3)]. 
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralcel PA-2 column 

[ = 214 nm; eluent: hexane/isopropanol 50/50; flow rate: 0.7 mL/min; tmajor = 17.12 min, tminor = 

24.92 min; ee = 98%; []
20

D = +360.6 (c 1.0, CHCl3)]. 

 

2. General procedure for the dihydroxylation of 4c [2,3]. 

General Procedure: NaIO4 (0.16 mmol, 34 mg, 2 equiv) and distilled water (0.1 mL) were added to 

a flask. After the NaIO4 had been dissolved, the solution was cooled to 0 
o
C, and two drops of H2SO4 

aqueous (2 M) was added and stirred for 5 min. Then RuCl3
.
3H2O (0.008 mmol, 3.0 mg, 0.1 equiv) 

was added, followed by two drops of H2SO4 aqueous (2 M). The resulting solution was stirred for 5 

min, and then EtOAc (0.2 mL) was added. After the solution had been stirred for 5 min, CH3CN (0.3 

mL) was added. The solution was stirred for 5 min, and then a solution of substrate 3c (0.08 mmol, 
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34 mg) in EtOAc (0.3 mL) was added. The solution was further stirred for 10 min, and then 10% 

NaHCO3 (0.7 mL) and saturated Na2SO3 solution (2.5 mL) were added. After the solution had been 

stirred for 30 min at room temperature, it was extracted with EtOAc (3 × 5 mL). The combined 

organic extracts were dried over anhydrous Na2SO4, filtered, and the solvent was removed under 

reduced pressure and residue was chromatographed on silica gel (elution with petroleum 

ether/EtOAc 2:1) to provide compound 4c.    

 

 

(3aR,4R,5S,6S,6aR)-ethyl 2-benzyl-4,5-dihydroxy-6-(4-nitrophenyl)-1,3-dioxooctahydrocyclo- 

penta[c]pyrrole-5-carboxylate (4c). Yield: 25 mg, 69%; yellow oil; IR (CH2Cl2):  2961, 2925, 

2854, 1699, 1519, 1399, 1347, 1259, 1089, 1017, 796, 699 cm
−1

; 
1
H NMR (400 MHz, CDCl3, TMS): 

 1.00 (3H, t, J = 7.2 Hz, CH3), 3.32 (1H, d, J = 3.6 Hz, OH), 3.66–3.76 (2H, m, CH+CH), 3.82 (1H, 

s, OH), 3.88 (1H, d, J = 5.6 Hz, CH), 3.92–4.08 (2H, m, CH2), 4.59 (1H, dd, J = 3.6, 5.6 Hz, CH), 

4.63–4.74 (2H, m, CH2), 7.28–7.41 (5H, m, ArH), 7.48–7.51 (2H, m, ArH), 8.18–8.20 (2H, m, ArH); 

13
C NMR (100 MHz, CDCl3, TMS):  13.8, 42.8, 46.8, 47.6, 52.9, 62.9, 74.7, 87.3, 123.7, 127.9, 

128.5, 128.58, 128.64, 135.2, 144.3, 147.3, 170.7, 175.0, 177.3;  MS (MADLI) m/z (%): 477.4 

(38.0) [M
+ 

+ Na]; HRMS (MADLI) Calcd. for C23H23N2O8 (M
+ 

+ 1) requires 455.1449, found: 

455.1457; []
20

D = +73.3 (c 1.0, CHCl3)]. 
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1
H NMR (400 MHz) spectroscopy of 4c after adding D2O into the NMR tube. 
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NOESY (Varian Mercury-300 MHz) 

 

NOESY spectra of 4c after adding D2O into the NMR tube  
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3. 31
P NMR Spectroscopy of the control experiments 
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Figure SI-1. 
31

P NMR Spectra (161.9 MHz, CDCl3) of control experiments 
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